2014) The use of real-time digital video in the assessment of post-operative outcomes of breast reconstruction.
Introduction
The ideal goal of breast reconstruction is to replace the removed breast tissue with something similar and to achieve symmetry with the contralateral breast. 1 Conventional methods of assessing the aesthetic outcome of any form of breast surgery have often involved the use of questionnaires and still clinical photographs shown to an assessment panel. These two-dimensional images provide a limited amount of information to the assessor. To obtain further information more complex measuring tools; such as the use of three dimensional imaging, have recently been described. 2, 3 All these techniques provide static results and lack the ability to confer any information about the effect which movement has on the reconstructed breast. Gui et al previously highlighted this point and felt that better assessment may be made using video clips, but noted that there were no studies comparing the use of still photographs with video footage. 4 
Aim of the Study
The aim of this study was to assess whether standardised real-time digital video footage was a valid assessment tool in assessing post-operative outcomes and to compare its use against standardised static photography.
Materials & Methods
Ethical approval for this study was granted by the West of Scotland REC1.
No standard protocol exists for the use of real time digital video capture in the assessment of postoperative breast reconstruction outcomes. As such a script was created by the senior author (AM) outlining the instructions for a sequence of movements (incorporating all views obtained by photography), deemed necessary to allow subjective assessment. (SEE IMAGE) The services of a female model were utilised to perform the above scripted routine whilst undergoing digital video capture. Narrated position and movement instructions were then added to the video footage to create an instructional demonstrational digital video clip providing both clear visual and audio instructions to the viewer. (SEE VIDEO) Thirty-five patients at least six months post unilateral breast reconstruction were recruited and consented for this study from our treatment database. Prior to consent the potential study subjects were shown the instructional demonstrational digital video clip to ensure that they were fully informed as to what would be expected.
Patients were initially asked to complete a 22 item questionnaire developed by Stanton et al with regards to their opinion on their reconstruction. 5 This questionnaire requires the patient to compare their reconstruction with the non-reconstructed breast and to score on a simple 1 (no difference) 4 (large difference) scale for various aspects ranging from cosmesis to function.
Study subjects were then shown the instructional video clip again and asked to perform the same movements in time with the narrated video whilst undergoing digital video capture. Each video clip ranged approximately 140-180 seconds in duration.
As per current practice within our unit these patients also had 6 standardised digital photographs taken of their reconstruction (frontal view with hands at sides, frontal view with hands raised above Each six individual patient digital photographs were compiled and placed onto a single Microsoft PowerPoint slide and a complete PowerPoint presentation consisting of all patient photographs was created. The same process was utilised for each patient video in a separate presentation. The order of the image slides and video clip slides were then randomised.
A panel of 21 assessors was assembled consisting of 7 Plastic Surgeons (6 Consultant Plastic Surgeons all with specialist interest in breast and 1 senior onco-plastic breast fellow); 5 General Breast Surgeons and 9 Non-surgical allied health professional staff.
The panel members were shown each presentation in turn and asked to rate their overall opinion of each reconstruction (in comparison to the contralateral breast) based upon the still photographs or video presentation on a simple 1-4 scale (SEE TABLE) as originally devised by Harris. 6 In addition the panel was also asked to rank their opinion on individual aspects of each reconstruction in terms of Size, Shape and Elevation using a similar 1-4 scale as developed by Stanton et al. (See Table) Panel members were blinded as to the identity of each patient at all stages. At the end of the assessment process each panel member was also asked to provide their opinion on whether they found the still photographs or video clips more useful/informative in assessing the post-operative outcome of breast reconstruction. Poor Treated breast seriously distorted in comparison to contra-lateral breast Panel inter-rater K C C for both still photographs and video assessments. The values obtained can then be interpreted from a range of 0 (no agreement) to 1 (complete agreement).
Breast Assessment Score
Overall median panel photograph and video scores for each patient were compared to the patient questionnaire self-scores relating to cosmesis (size, shape and elevation) using a Spearmans rank correlation test to assess levels of agreement between panel and patient.
Results
Of the 35 patients who took part in this study, 15 underwent a unilateral breast reconstruction using an extended Autologous Latissimus Dorsi (ALD) flap, 12 had free tissue transfer reconstructions (11 DIEP flaps, 1 TRAM flap); 5 had ALD flap + Implant and 3 had implant only based reconstructions. 21 reconstructions were left sided compared to 14 right.
The mean age of the 35 patients who took patient in this study was 52 years old (range 35 67).
The average file storage size of each photo and video set were 0.38 megabytes and 14.9 megabytes respectively. On comparing the patient self-scores obtained in comparison to the median panel scores using both photography and video assessment it is evident that there is a greater degree of correlation between the patient and the panel using video footage as assessment material. The General Surgery panel showed the greatest degree of correlation with the patients views using both photography and video footage to assess. The other (non-surgical) panel showed the least degree of correlation using the still photographs as the assessment medium but showed a huge increase in correlation when using the video footage (0.083 vs 0.346).
Kendall's Coefficient of Concordance Scores for Total Panel

Kendall's Coefficient of concordance Scores for Panel Assessment
All 21 members (100%) of the panel were of the opinion that video clip footage was more useful in terms of assessing the post-operative outcome of breast reconstruction and that it yielded more information than the still photograph images.
Discussion
Reconstructions based solely upon restoration of in terms of outcome as the aesthetic result is largely subjective. This is in contrast to assessment of , which often have quantitative outcomes. Overall patient satisfaction is the most important factor in determining the success of any form of surgery dealing with aesthetics. 7 This complicates matters further as it has been shown that patients overall subjective assessment as to the success of their reconstruction is due to far more than their cosmetic result 8 Still photography coupled with panel assessment has been widely utilised in many studies for the purposes of assessment of cosmesis post breast conserving surgery or reconstruction. 6, [9] [10] [11] [12] [13] [14] [15] [16] However the design; in terms of methodology, of such studies vary greatly as shown in a recent systematic review. 17 There have also been concerns that these methods lack precision and are difficult to reproduce. 9 In an effort to improve upon the flaws described above, other more objective assessment methods have been described such as the use of computer software designed to take objective measurements from two dimensional digital photographs with subsequent computer analysis of various indices linked to symmetry. [18] [19] [20] This has been further improved upon with the use of threedimensional imaging systems; allowing the capture of a greater amount of information. 2, 3 The objective data obtained from three-dimensional imaging system shows promise in being more accurate than traditional subjective assessments. 21 However all these methods require specialist software, expertise and /or equipment not routinely utilised in most plastic surgery units. They also all rely upon static imagery and offer no impression as to the effects of movement on a reconstructed breast.
When Gui et al originally theorised that video footage may provide a more accurate assessment than static photographs alone they foresaw several problems in terms of specialist equipment, cost, storage space and standardisation. 4 Since then technology, software and storage media have advanced significantly as well as becoming cheaper. As a result these issues are no longer as constraining as previously highlighted. Whilst the average file size associated with the digital video clips in this study (14.9 megabytes) was 39.2 times greater than that of the digital photograph files (0.38megabytes) it is still relatively small in comparison to the capacity of most modern storage media which often have gigabytes or terabytes of space. The model demonstration video which was created for the purposes of this study proved very effective in terms of providing a standardised routine for the patients to emulate. One concern raised after the completion of this study was that each digital video clip was too long at between 140-180 seconds. This was in part due to the fact that the original demonstration script duplicated each of the movements twice. It is feasible that the length of the video clips can easily be reduced to half the duration by omitting the duplication of each of these movements and creating a more streamlined instructional video. This would confer several benefits in that; the video capture process would quicker; assessment time shorter and the file size of all video clips would be significantly reduced.
Many published articles analysing ordinal data such as those result obtained in this study have focussed on utilising Kappa scores to assess inter-rater reliability. 9, 15, [19] [20] [21] These kappa scores however only me s and fail to take into account the magnitude of difference observed using ordinal data. The Kendall Coefficient of Concordance is a better measure of agreement for ordinal responses as it calculates the consistency amongst raters by also taking the ranking of the scores into account. 22 Furthermore several of the papers have changed their assessment scales by dichotomising categories of the scale to obtain higher kappa scores which invariably skews the results. 20, 21 All 21 members of the assessment panel felt that video footage yielded a greater amount of information upon which to base their assessment. It was readily apparent throughout the assessment process that the video clips were capturing information which would not be apparent on I Latissimus Dorsi flaps whilst moving the arm and also the relative absence of reconstruction movement in patients with implant only based reconstructions.
The total panel results show that; whilst marginal, video is equivalent or better than still photographs in terms of inter-rater reliability. The Plastic surgeon sub-division of the panel had the highest degree of inter-rater reliability and this may reflect their expertise in terms of reconstruction outcomes.
Given that patient satisfaction is the goal in any form of reconstruction it is of importance to have an assessment tool which more accurately correlates with patient self-evaluation. Our results show that digital video footage assessment gives significantly better correlation between patient views and panel views in comparison to still photograph assessment. This again could be due to the fact that it offers a greater degree of information with regards to the reconstruction (such as mobility) which is not apparent on static photographs. It is also apparent that the greatest degree of correlation between patient perception and sub-panel (in both photograph and video clip assessment) occurred with the General Breast Surgeons. This is interesting and may be worth further investigation.
Conclusion
From our initial findings we believe that real time digital video footage coupled with panel review is a valid method of assessing post-operative outcomes of breast reconstruction and appears superior to still photographs in terms of inter-rater agreement and correlation with patient self-assessment.
